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Dragonflies are important predators in freshwater communities (Corbet 1999) and are considered as model organisms for ecological and evolutionary research (Simaika & Samways 2008) . Adults stand out as skilled fliers, usually capturing prey in flight with the aid of excellent vision and raptorial legs (Corbet 1999) . They are frequently collected through active capture using aerial nets, usually near sites used as rendezvous, venue where males and females meet as a direct prelude to copulation, and thus a spot with a concentration of individuals (Corbet 1999) . Unlike active collecting, capturing adults with general insect traps is reported as ineffective and has rarely been used (Umar et al. 2012) . However, some dragonflies are frequently "attracted" to certain artifacts that interfere with theirs visual perception, including reflective surfaces of cars (Pinhey 1966; Wildermuth & Horváth 2005) , solar panels, and even tombstones (Horváth et al. 2007 ). On the other hand, traps are used with success to passively capture specimens of other insect orders (Hosking 1979) , among them two approaches stand out, the Malaise trap and different models of light traps.
Popular among entomologists, Malaise traps act as flight intercepts for winged insects (Matthews & Matthews 1971) and they often capture species which are otherwise not usually obtained (Schauff 2012) . In contrast, light traps attract crepuscular and nocturnal insects (and often diurnal individuals which were disturbed at night) using a luminous source with different wavelengths (Schauff 2012) . In both methods, capture of dragonflies has been often reported, although specimens are collected in low numbers (e.g. Flint 1996; Johnson et al. 1995; Muzón & Spinelli 1995) .
Here we report an uncommon diversity of dragonflies collected using different methods at Parque Nacional da Serra do Cipó, Minas Gerais State, in the Brazilian Cerrado. Possible reasons for obtained results are given based on a review of the literature related to each collecting method. Furthermore a few taxonomic notes on captured Gomphidae (clubtails) are also given. ity of several dragonfly taxa including Oxyagrion machadoi Costa, 1978 , Peristicta janiceae Pessacq & Costa, 2007 , Zonophora campanulata machadoi St. Quentin, 1973 , Rhionaeschna pauloi Machado, 1994 , and Lauromacromia flaviae Machado, 2002 (St. Quentin 1973 Costa 1978; Pessacq & Costa 2007; Machado 1994 Machado , 2002 . Three sampling methods were used: (1) active, standard entomological aerial nets (hereafter AN) near temporary puddles along the trail to Bandeirinhas Canyon (approximately 19°24'S, 43°34'W, 800 m a.s.l.), and trail to Gavião Waterfall (19°20'11"S, 43°33'22"W, 839 m a.s.l.); (2) 6 meter-long Malaise trap (hereafter MT, Gressitt & Gressitt 1962 ) crossing a water body (Fig. 2) ; and (3) light trap using a white sheet (hereafter LS, Schauff 2012) with 2 mixed mercury vapor lights (250W each) for nocturnal collecting; the last two on or near Córrego das Pedras stream (19°22'17"S, 43°36'03"W, 766 m a.s.l.). Sampling effort was irregular, being of approximately one-day and one collector (eventual encounters during 6 h) for the AN; five days (120 h) of MT; and two nights of LS (8 h) in 2011; and approximately twodays and one collector (9 h) for AN, four days (96 h) of MT, and one night of LS (4 h) in 2013. Complementarity indexes for different sampling methods were computed with C jk = U jk/ S jk , where U jk is the number of unique species in both sites and S jk total richness in both sites combined (Colwell & Coddington 1994) . All material is deposited in the Coleção Entomológica Prof. José Alfredo Pinheiro Dutra, Departamento de Zoologia, Instituto de Biologia, Universidade Federal do Rio do Janeiro (DZRJ; BCI http:// biocol.org/urn:lsid:biocol.org:col:35135), Rio de Janeiro, Brazil. Illustrations of the synthorax were made using a stereoscopic microscope equipped with a camera lucida; color pattern diagrams were based on the illustration of Progomphus formalis Belle, 1973 after the most recent revision of the genus (Belle 1973) . Hind wing (Hw) length, in millimeters, was measured from the proximal end at RP&RA to distal apex of the wing.
RESULTS AND DISCUSSION
A total of 115 specimens were collected, representing 26 species, 18 genera, and six families ( Table I ). The material from PNSC is rich when compared to other studies using insect traps, especially considering the short sampling period of only nine days (see Corbet 1981; Borisov 1990; Johnson et al. 1995; Muzón & Spinelli 1995; Flint 1996; Askew et al. 1998; Glotzhober & Riggs 1998; Sharma et al. 2000; Rizali et al. 2002; Borisov 2004; Richards & Windsor 2007; Sartor et al. 2009; Umar et al. 2012) . Gomphidae had the highest abundance, with 76 specimens (seven species), followed by Libellulidae with 19 specimens (eight species). Zygoptera specimens belonged to four families, Megapodagrionidae (three specimens and one species), Coenagrionidae (ten specimens and seven species), Protoneuridae (one specimen), and Calopterygidae (six specimens and two species). The most abundant species was Progomphus complicatus Selys, 1854, with 50 specimens (31 males and 19 females), which was also the only species sampled using all three methods (Table I) . The collected material is the first report of dragonflies using distinct sampling methods in PNSC, expanding our knowledge of dragonfly diversity in the poorly known Cerrado biome. Dominance of Gomphidae. Clubtails, as with some species of other Odonata families, are strong flyers and often have secretive habits, which makes them hard to see in the field and they are consequently less frequently sampled using regular methods (such as AN), hence the high number of Gomphidae species obtained in both Malaise and light traps in PNSC is unusual. Past faunistic studies conducted at Cerrado and other Brazilian biomes have yielded no more than 5% of the total richness of adults for this family, which is usually dominated by Libellulidae, containing species that are largely abundant and common in the field (e.g. Machado Dragonflies from Parque Nacional da Serra do Cipó, Brazil et al. 1991; Ferreira-Peruquetti & Fonseca-Gessner 2003; Souza & Costa 2006) . The few studies where gomphids are in high relative numbers correspond to material reared from larvae in the laboratory (Louton et al. 1996; Dalzochio et al. 2011) . Active captures of Gomphidae is usually so low that often none is recorded from a single site (e.g. Costa et al. 2001) .
Comparison of methods. Published data on the collection of Odonata using light and Malaise traps are few, and their results cannot be easily compared, given that they were obtained in different regions, with quite distinct faunas and different collection techniques. PNSC yielded 74 specimens and 14 species using MT, followed by 23 specimens and 11 species using AN and 18 specimens and seven species using LS (Table I ). The number of species obtained exclusively through MT was nine, LS three, and AN nine. Although sampling efforts were quite uneven, our data suggests high complementarities (sensu Colwell & Coddington 1994 ) of the faunas collected by different methods: C MT-AN = 91%; C MT-LS = 76%; and C LS-AN = 94%. Collecting dragonflies with AN is largely used as a standard approach for faunistic studies, however, it may not by entirely useful in obtaining reliable estimates of richness in some kinds of environments. Our study highlights that adopting other collecting methods in addition to AN allows obtaining species seldom captured using standard methods that may sometimes be considered rare (see Theischinger 2010) . Thus, the high richness and abundance of Gomphidae using MT and LS likely would not have been obtained during same period using exclusively AN. Furthermore, collecting with AN is strongly biased because the collector chooses the target, which is evident when comparing the present results. Although the sampling effort using AN was lower and irregular, as expected male odonates were more strongly represented and some them pertaining to common and widespread species. The predominance of males and skewness in sampling using AN were discussed in detail by Paulson (1996) , who considered the bright and attractive color of the males and their territorial behavior protecting the site of oviposition at rendezvous sites as the major factors related to this dominance, while females, generally less colorful and visiting oviposition sites only sporadically have a lower chance of being captured.
The location of the Malaise trap across the stream explains why only species that breed in lotic systems were captured and partially explains the high number of gomphids, typical of lotic environments. Glotzhober & Riggs (1998, Fig. 4) suggested that a few modifications of the Townes MT (including enlargement of capture opening and recipient, and position) could yield differences in both quality of preservation and quantity of dragonflies sampled. Flint (1996) provided the most comprehensive work using MT with a prolonged sampling effort occurring over several years in the State of Virginia, USA. Flint (1996) recorded 171 specimens (87 damselflies and 84 true dragonflies) distributed among 48 species and 24 genera within nine families (i.e. Calopterygidae, Lestidae, Coenagrionidae, Petaluridae, Cordulegastridae, Aeshnidae, Gomphidae, Corduliidae, and Libellulidae). The familial composition is not unexpected, given that Libellulidae was the most abundant taxon, and Corduliidae and Gomphidae the rarest. In spite of the large sampling effort and high richness, which are rare in studies using this trap, Flint's (1996) results show a comparatively smaller number of specimens compared to other methods like AN used during same period, and mirrors similar studies where the capture of dragonflies was considered accidental (Johnson et al. 1995; Muzón & Spinelli 1995; Askew et al. 1998; Rizali et al. 2002; Richards & Windsor 2007; Sartor et al. 2009 ). An exception is Glotzhober & Riggs (1998) , who focused on the biology of Cordulegaster erronea Hagen in Selys, 1878, in which a modified Townes MT sampled a total of 142 specimens during only two summer seasons with irregular numbers of days and traps.
Light traps are not usually used as a sampling method for dragonflies (Umar et al. 2012) and there are few studies focusing in adults (e.g. Borisov 1990; Sharma et al. 2000) . Corbet (1981) suggests that light traps could be important to phenological and ecological studies of Anisoptera. Nevertheless, captures using LS in PNSC were likely accidental and could have occurred due to perturbation of diurnal odonates on their surrounding resting area. Recently Umar et al. (2012) provided an extensive account on the use of light traps for sampling dragonflies and discussed the possible causes of light attraction and future directions to investigate this phenomenon. They recognized two groups of species attracted by artificial luminous sources (photoxenes), i.e. obligatory and facultative. Based on Borisov's (2007 apud Umar et al. 2012 ) scheme, obligatory photoxenes are classified in three types: (1) individuals that stay active until night during moving behavior searching for sites to forage, rest, or copulate in warm periods of year; (2) teneral individuals that emerged at night; and (3) teneral individuals of diurnal species that are active under high temperatures, low humidity, and direct sunlight. The major reason for individuals to arrive at these light sources is night emergence (type 2), which prevents tenerals from desiccation and predators (Borisov 2004) , and light sources may indicate open areas for diurnal dragonflies (Mazokhin-Porshnjakov 1960), thus they are not really attracted but confused (Umar et al. 2012 ). However, these captures are probably related to several factors depending on species behavior and preferences, and since the species 'attracted' to LS in our study are almost all represented by mature individuals and not by tenerals, thus negating Borisov' (2004) Taxonomic notes on Gomphidae. Of particular interest among the material is the first record of the rare Zonophora campanulata annulata Belle, 1983 from Minas Gerais State, and of a new species of Cyanogomphus Selys, 1873, which will be described elsewhere. We also provide below some taxonomic notes on some of the collected club-tailed dragonflies.
The campanulata-group of Zonophora Selys, 1854 was proposed by Belle (1983) to include Zonophora diversa Belle, 1983 (recorded from Argentina, Paraguay, and Santa Catarina State, Brazil) and the three Brazilian subspecies of Zonophora campanulata (Burmeister, 1839) , all of them with allopatric distributions. The nominotypical subspecies Zonophora campanulata campanulata (Burmeister, 1839) is apparently restricted to the Atlantic Forest with reliable records from Espírito Santo, Rio de Janeiro, Minas Gerais, and São Paulo States (Schmidt 1941; Belle 1983; Garrison et al. 2006) , while Zonophora campanulata machadoi St. Quentin, 1973 is known from four localities at the transition between Cerrado and Atlantic Forest in eastern Minas Gerais State (St. Quentin 1973; Belle 1983 Belle , 1992 and Z. c. annulata only known from its typelocality, municipality of Jataí, Goiás State (Belle 1983 ). There are also unconfirmed records and records without subspecies identif ication, from Goiás (Schmidt 1941) and Paraná (Heckman 2006) States in Brazil, Suriname, and Guyana (Belle 1983) . While these last two records are probably due to errors in Martin's labels (see Belle 1983) , the one from Goiás, in the Brazilian Cerrado, very likely refers to any of the nonnominotypical subspecies. The three subspecies are recognized solely by differences in color pattern because other structures appear not to vary (Belle 1983: 169) . The new record from Minas Gerais of Z. c. annulata shown here is intriguing, since the Serra do Cipó corresponds to the type-locality of Z. c. machadoi. This sympatric distribution indicates that these entities may represent either distinct species or color variants within a polymorphic species. Further collections and studies would be needed to test these hypotheses.
The taxonomic history of Progomphus complicatus is somewhat confusing. The species was described by Selys (1854) in his "Synopsis des Gomphines" without reference to the number of studied specimens or any type designation. The possibly correct number of specimens was only clarified in Selys & Hagen (1858), where the species was redescribed and three males were cited, one from Brazil, deposited at the Museum of Vienna (Naturhistorisches Museum Wien), a second collected by "Dr [Peter] Clausen", without collection data, and a third one from Bahia State, Brazil, the last two deposited in the collection of Baron Michel Edmond de Sélys-Longchamps (currently in the Institut Royal des Sciences Naturelles de Belgique, Brussels). These three specimens were recognized by Belle (1973) as the type series and he designated the male collected by Peter Clausen as the lectotype. Although this specimen lacks any kind of locality data other than "Brazil", it was very likely collected in Minas Gerais, where Clausen lived during the 1830's and is apparently the sole origin of all material of his entomological collection, which was later sold to the Muséum National d'Histoire Naturelle, Paris (Papavero 1971: 91) . This conclusion can be extended to the remaining specimens collected by Peter Clausen for which there is no mention of any specific locality, since in addition to his itinerary described in Papavero (1971) , several labels of his material make direct reference to Minas Gerais, such as to the type series of Argia claussenii Selys, 1865 (see Selys 1865).
Selys's (Selys 1854; Selys & Hagen 1858) descriptions of the thoracic pattern colors of P. complicatus are short, and concern only to the shape of synthoracic first antehumeral stripe, as to whether it is or is not connected to the mesothoracic collar, and, in some cases assumes the shape of "un 7 de chaque côté" (Selys & Hagen 1858) . Variations of synthorax color and size were both cited by Selys (1869; 1873), followed by Ris (1911) , all of whom highlighted the great variation in the extension of pale stripes and in its size related to sexual dimorphism. Ris (1911) was the first to provide illustrations depicting the color pattern of the synthorax, based on specimens from Brazil (States of Espírito Santo and Rio de Janeiro) and Paraguay (San Bernardino), those from the last locality, with larger extension of pale stripes, however none of these exhibited mesothoracic collar connected to the first pale antehumeral stripe. In addition, Belle (1973) stated that females from Parque Nacional da Tijuca, already cited by Selys (1873), are the largest, and males from Paraguay cited by Ris (1911) the smallest. All of the variation cited above precludes a correct identification of the species using the keys by Belle (1973) and St. Quentin (1973) , because they only allow to key out specimens of P. complicatus with the first antehumeral stripes separated from the mesothoracic collar. However, Belle (1994) recognized the variation previously mentioned by Selys & Hagen (1858) and in his key exclusively to Brazilian species, P. complicatus keys out twice, one for specimens with antehumeral stripes connected to collar and another for those unconnected. Heckman's (2006) key is dubious since it merged the two possibilities in one couplet and should be avoided. Few authors acknowledged these variations in their respective taxonomic keys, thus generating doubts as to the species identification.
The material of P. complicatus from PNSC shows great variation both in size and the color pattern of synthorax , mainly in regard to the antehumeral stripes and mesothoracic collar, aspects that brought us to study this species more extensively, inspecting the literature, as well as the material of the species deposited at DZRJ and CZMA (Universidade Federal do Maranhão, Brazil) collections. A total of 80 specimens were examined from the following Brazilian States: Ceará (2m), Rio de Janeiro (18m, 2f), São Paulo (1m), Minas Gerais (33m, 21f), Santa Catarina (1m), and Rio Grande do Sul (2m), which corresponds to the largest series examined of this species. We identified three major color patterns on the synthorax ranging from darker specimens with less extensive pale stripes to paler specimens with numerous, well-defined, and extensive pale stripes, as 422 De Almeida et al.
follows: (A) first antehumeral stripe distinct short and not connected to collar; second antehumeral stripe poorly defined or reduced posteriorly to a small rounded spot close to the antealar sinus; metepisternal stripe absent or barely defined ( Fig. 4); (B) first antehumeral stripe long and extending anteriorly close to collar; second antehumeral stripe as in (A), however, in a few cases long and clearly defined; metepisternal stripe poorly or clearly defined (Fig. 5) ; and (C) first antehumeral stripe long and largely connected to pale area of mesothoracic collar; second antehumeral stripe long and almost defined along its extension; metepisternal stripe clearly defined (Fig. 6) . Pattern (A) was the most common, occurring in 70 specimens (88%), type (B) less common in nine specimens (11%), and finally the type (C), with only one specimen (1%). The population from PNSC showed all patterns A-C ( Figs. 4-6) , while out of 20 examined specimens from Rio de Janeiro only a single one exhibited the type (B), with the remainder exhibiting pattern (A). Size range measurements for both sexes agrees with the range recorded in the literature, however, the hind wing of specimens from Rio de Janeiro was noticeably longer than those from other States with 24.5-29.2 mm (mean = 26.5) and 22.4-25.9 mm (mean = 24.9), respectively.
Our two male specimens of Phyllogomphoides regularis (Selys, 1873) were easily keyed to that species in Belle (1984) . However, we noted differences, especially in size and color pattern, with a male from Rio Grande do Sul State, Brazil (São Francisco de Paula, Parque Nacional de Aparados da Serra) deposited at Museu Nacional, Universidade Federal do Rio de Janeiro, which was identified by Jean Belle as this species. Some of these aspects were already mentioned by Belle (1970 Belle ( , 1984 who correctly assumed that this variation was not ontogenetic (specimen maturity). The two males from Serra do Cipó are in general paler than the male from Rio Grande do Sul, and other differences are (characters of specimen from southern Brazil in parentheses): femora yellowish-brown with distinctive dark-brown to black longitudinal stripes (entirely yellowish-brown); articulations of femur-tibia with large pale yellowish areas (entirely black); dorsal surface of tibiae yellow (black); anterior surface of costal margin yellow, ventral surface after nodus entirely yellow (anterior margin with an inconspicuous yellow line); caudal appendages darker, epiproct dark-brown to black (yellowish); cercus with distinct dorsal black areas (almost entirely yellowish-brown); and cercus distinctly thinner and with dorsal process (tooth) slightly more distal than those from Rio Grande do Sul and Santa Catarina States, the latter illustrated by Belle (1970) . Further studies may prove that southern and northern populations correspond to distinct sibling species. Dragonflies from Parque Nacional da Serra do Cipó, Brazil
